HSP70, the earliest-induced gene in the zebrafish retina during optic nerve regeneration: its role in cell survival.
Fish retinal ganglion cells (RGCs) can survive and regrow their axons after optic nerve injury. Injured RGCs express anti-apoptotic proteins, such as Bcl-2, after nerve injury; however, upstream effectors of this anti-apoptotic protein are not yet fully understood. Heat shock proteins (HSPs) play a crucial role in cell survival against various stress conditions. In this study, we focused on HSP70 expression in the zebrafish retina after optic nerve injury. HSP70 mRNA and protein levels increased rapidly 2.3-fold in RGCs by 1-6 h after injury and returned to control levels by 1-3 days. HSP70 transcription is regulated by heat shock factor 1 (HSF1). HSF1 mRNA and phosphorylated-HSF1 protein rapidly increased by 2.2-fold in RGCs 0.5-6 h after injury. Intraocular injection of HSP inhibitor I significantly suppressed the induction of HSP70 expression after nerve injury. It also suppressed Bcl-2 protein induction and resulted in TUNEL-positive cell death of RGCs at 5 days post-injury. Zebrafish treated with HSP inhibitor I retarded axonal elongation or visual function after injury, as analyzed by GAP43 expression and behavioral analysis of optomotor response, respectively. These results strongly indicate that HSP70, the earliest induced gene in the zebrafish retina after optic nerve injury, is a crucial factor for RGCs survival and optic nerve regeneration in fish.